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I .  INTRODUCTION.
I t  has been the contention among sheep breeders for many
years past that breeding, feeding and management are, to a large
\
extent, the sole factors involved in the further selection and 
development of the various breeds of sheep. I t  is the purpose 
of this paper to show that climatic factors are important and 
snould be considered in the selection and development of sheep 
for a particular section. We have proven that sheep are limited 
to certain climatic conditions. This is  a large factor in con­
tro llin g  their d istribtion  over the world The lim its of sheep 
production have been extended by housing, and some types of sheIte2 
are more desirable from the standpoint of the health of the 
animal. Some breeds are better suited to certain climatic 
conditions than others. Sheep are sensitive at lambing time and 
during the rutting season. The lambs are sensitive during their 
early l i f e .  The rutting season comes with a fa llin g  temperature, 
and varies from year to year. A high temperature accompanied by a 
nigh humidity is detrimental to the growth of lambs. Some years 
are more favorable than others for lambing, the growth of the 
lambs, the rutting season and the gestation period.
2I I ,  WILD SHEEP,
In making a study of this kind i t  was deemed desirable  
to f i r s t  find out something about the early history of sheep 
and according to Lydekker 1913 (p.27) "Sheep are mainly an 
Old World Group, of which the headquarters would appear to have 
been Central Asia , " whence they have made their way over 
Europe, Asia and across Bering Strait into North .America,
The ancestry of our domestic sheep is not defin itely  
known. Many writers have expressed views and advanced 
arguments in support of their contentions. The most probable 
is  that the Mouflon or European wild sheep and one of the 
races of the Asiatic u ria l have formed the chief parent stocks, 
(Lydekker, 1913, p.27.)
The Mouflon (Ovis musimon) or wild sheep of Europe is  
s t i l l  found upon the Islands of Corsica and Sardinia. No doubt 
this sheep at one time had a wider distribution over South­
western Europe as is  evidenced by the remains of wild sheep 
found in the superficial deposits of various parts of the south 
of Europe. The wild Mouflon interbreed with the domestic sheep 
and the offspring are fe r t i le .  The breeding or rutting season 
occurs in December and January. The duration of the gestation 
period is  about 145 days. The lambs, generally two in number, 
are therefore born in April or May. The body covering of hair 
has, to a minor degree, the serrated scales which give to wool
3its  fe ltin g  property. The cry of the adults is a bleat, very 
similar to that of our domestic breeds. (Lydekker, 1913.)
Sheep in the w ild state are essentially mountain animals. 
This is defin ite ly  shown by the Rocky Mountain sheep of North 
America which are direct descendants of the Wild Mouflon. They 
shun forests, live  in the open and feed upon the mountain 
grasses. The mountain climate is characterized by hot days and 
cool nights.
Since the native home or natural habitat of wild sheep is  
mountainous we may perhaps profitably study the climatic 
conditions found in such regions as Sardinia and S icily , and may 
thereby learn of the conditions most suitable fo r sheep. Figure 
1 is  a hytherograph (temperature - ra in fa ll graph) composed of 
the monthly means from several meterological stations located on 
the Islands of Sardinia and S ic ily  (fo r explanation of con­
struction of the graph see p . l l ) .  Some corrections have been 
made for the altitudes at which sheep are found during the 
summer. (F ig . 1 .) The mean temperature is considerably lower at 
high altitudes than at sea level during the hotter months.
The winters on these island are mild, with more or less  
ra in fa ll, and the summers dry. The sheep avoid the heat in the 
valleys oy moving up the mountains where it  is  cooler, and where 
the grazing is less affected by the dry weather. It  is under 
these conditions that the wild ancestors of our domestic sheep 
are found.
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4III. THE DISPERSAL OP SHEEP.
Domestic sheep, originally  natives of Europe and the 
cooler regions of Asia, have been introduced into nearly a l l  
parts of the world where conditions are suitable for their 
development and the production of wool. However, in the 
Malay countries the number of domesticated sheep appears to 
be very small. This may be accounted for by the warm, humid 
climate and dense forests which are seemingly unfavorable to 
the constitution and habits of these animals which are 
naturally adopted to mountain conditions. (Lydekker, 1913, 
p .45 ,)
Domestication has brought about various changes in sheep 
such as replacing hair with wool, and increasing the amount of 
wool and its  quality. The frequent absence of horns, the 
lengthening of the ta il ,  and various other modifications in 
body form and size, are also attributed to domestication.
The introduction of sheep into Africa took place in 
prehistoric times, whereas the introduction into Borth and 
South America, Australia and Hew Zealand has been much more 
recent. Columbus brought some sheep with him on his second 
voyage to America in 1493. (Bureau of Animal Industry 1892.) 
With this as a beginning, the number of sheep in this country 
was augmented by importations from England, Prance, Spain and 
Germany.
The conditions in Europe are much d iffere& i. Here various
' ¥
i f *
5breeds have been developed to f i t  the particular needs and 
conditions of d ifferent sections. In Spain, for example, the 
Merino has been developed fo r its  wool. I t  is now and has long 
been noted for the fine quality and great density of its  
fleece. The Merino has the ab ility  to travel great distances 
and to live  in rough places and on scant forage. They do not 
renew their fleeces annually as is characteristic of most breeds. 
Another example of this development is  found in the mutton and 
long wool breeds which have been developed largely in England. 
Some of these breeds are suited to the fe r t i le  valleys with a 
damp climate and a swampy soil while others are adapted to 
the moorlands and mountains.
In general we find in each loca lity  the breeds that thrive 
the bdst and best meet the needs of the people. Professor 
Wallace of Edinborough University makes the following statement: 
“When local conditions of climate, so il, management and markets 
are suitable, the breed is like ly  to enjoy a f ix ity  of tenure.
In the new countries it  was d ifficu lt  to determine which 
sections were best suited for sheep raising and what breeds to 
select. After a number of attempts it  was found that sheep did 
not thrive equally well in a l l  sections. Some sections were 
entirely unsuited for sheep production, while others proved 
suitable to certain breeds only.
Sheep were introduced into the United States along the 
north and south Atlantic and the Pacific  coasts. The
6importations along the eastern coast came largely  from England, 
although a few Merinos came from Spain, On the Pacific  
coast the Merino alone was introduced*
Until about 1840 sheep were s t i l l  quite numerous in the 
eastern states, but a fter that they gradually moved westward*
At the present time the centers of sheep population are in 
Ohio, Michigan and the Rocky Mountain states* According to the 
1920 census 73 per cent of the sheep in the United States were 
west of the Mississippi River, 50 per cent in the Rocky 
Mountain and Pacific  coast states, while Washington, Montana 
and Oregon had 10 per cent of the total number*
Sheep were formerly kept in the eastern and middlewestern 
states mainly for their wool and since 1845 the trend has 
been toward mutton production with wool as a secondary product, 
except in a few places in Ohio where some of the flocks are 
s t i l l  kept for wool production. The Merino or fine wools 
seemed to thrive well under the conditions in the ■east, but were 
gradually replaced by the mutton breeds, since these eastern 
states could not compete with the western states in wool 
production. As a result of an increased demand for the meat 
of sheep; mutton production has proved to be more profitab le .
At one time in the eastern states the fine wool sheep were 
crossed with the large, long wooled sheep, but the resulting  
cross did not seem to be very popular. The i¥ool was too 
coarse, the carcasses too large, and these large sheep, when 
fat, could not endure the hot summers. The many loose wooled
7sheep resulting from such crosses could not endure the cold wintfi 
rain . The Down breeds were then used to replace the long wools, 
and the resulting crosses were more satisfactory. (U.S.
T a r iff Commission, 1921, p.113.)
The sheep population has not reached large numbers in the 
corn be lt, probably because of the limited amount of pasture, 
due to the large amount of t i lla b le  land. This means that 
sheep are in competition with cultivated crops. Furthermore, 
the climatic conditions are unsuitable, as the summers are hot 
with frequently a rather high humidity.
The southern states have never had large numbers of
sheep, and outside of Kentucky and Tennessee the sheep are
rather scattered. In general the sheep found in the southern
states are small and angular, with a ligh t fleece of poor
quality. The fleeces of animals introduced deteriorate, and
the mutton breeds lose their plumpness. I t  seems that wool
is  for the purpose of covering and protection; the need of
which in the southern states ir  rather limited. E. Lydekker,
1913, p.24, states that "Many tropical breeds of domesticated
sheep retain a hairy coat comparable to that of the wild
sheep, but in other breeds, especially those inhabiting
is
temperate and cold climates, this/more or less completely 
replaced by wool, except on the face, ears and legs where 
the hair is generally retained." McKee also remarks "that 
sheep are not as good milkers in hot as in cold climates."
The sheepmen in the western states maintain their flocks
8in the valleys during the winter and lambing season* Then the 
flocks are moved up the mountains where they remain until fa l l*  
Occasionally the winters and lambing seasons are very cold 
accompanied by deep snow which often causes heavy losses.
A flock of 100 sheep shipped to the Kadiaek region of 
Alaska did fa ir ly  well during the summer on the luxuriant 
growth o f grasses, although many suffered from foot rot* The 
results were fa ta l when they had to be closely confined to 
protect them from the cold wintry gales, laden with sleet, 
rain and snow. The fleeces dropped o ff in large patches and 
emaciation followed. (Bureau of Animal Industry, 1892,p .17.) 
This might be taken as an illu stration  of attempts to raise  
sheep under unfavorable conditions*
The sheep of South .America were largely in troduced by the 
Spaniards. In Paraguay the native sheep are much smaller than 
the Merino. They have a coarse, short fleece and a flesh of 
poor quality. Sheep are not adapted to the damp, hot climate 
of Paraguay, and many perish from foot rot and other diseases. 
(Lydekker, 1913.)
In Peru, the native sheep, like ly  of Merino origin, have 
departed l i t t le  from the Spanish type. This is  no doubt due to 
the higher elevation which results in a higher and more 
"salubrious" climate. Sheep are more numerous in the Puna 
d istr ic t  where the climate is cooler than on the coast. 
(Lydekker, 1913, p.247.) The climatic conditions in Chile are 
sim ilar to those found in Peru. The fleece retains the same 
desirable qualities found in the Spanish Merino.
9The sheep introduced into Columbia were the ordinary 
8ChurroH or common Spanish breed. Large numbers were bred in 
the Cordilleras at elevations of 3000 to 7000 feet, with l i t t le  
modification from the original type. Although they flourish  in 
the highlands they do poorly in the hot valleys and plains. 
Unless the lambs are shorn at an early period a change takes 
place in the nature of the coat. I f  the shearing is not done 
early the wool becomes loose, fa l ls  o ff in large patches and 
is  replaced by shining, close-lying hair similar to that of 
goats. This hair is  never replaced by wool. (Lydekker, 1913, 
pp.247-250.)
The Merino is  also the most important breed in Australia, 
and is well suited to the dry climate. According to G riffith  
Taylor, 1921, the sheep in Australia are found largely  between 
the 15 inch - 30 inch isohyets, the most favorable being between 
the 15 and 20 inch isohyets. “Sheep occupy the warm inland 
dryer be lt, and the cattle the wetter, coastal regions.8
On the north island in Hew Zealand the Eomney Marsh and the 
Lincoln breeds are found in large numbers, while the Merino is  
found only on the south island where dryer conditions prevail. 
The Romney Marsh comes from the county of Kent in southeastern 
England where the land is  low and marshy. They are practically  
immune to foot rot and can withstand cold wet weather. In Hew 
Zealand the conditions fo r the Romney Marsh are more favorable 
than in Kent, because the fleece improves in length and quality. 
The Lincoln has similar characteristics although developed under 
somewhat different climatic conditions. In this connection
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Professor Wallace states: MIn moving sheep from one loca lity  
to another there is  an invariable rule that brooks no breaking, 
that to thrive they must go from a poorer to a richer so il 
and more favorable climatic surroundings* For example, they 
must go from a humid into a dryer d istric t . I t  has been claimed 
that Oxford sheep, coming from the cold, heavy clay of 
Oxfordshire and there subjected to the fogs and low temperatures, 
do better in other dryer and warmer loca lit ies* The long wool 
and down breeds, i f  put on the mountain land where the Cheviots, 
Blackfaces, and Welsh sheep -thrive well, they could not survive 
long enough to enable them to make the change. Lincolns, bred 
in Shropshire, do not attain the great size they do in their 
home country. The Kerry h i l l  (a Welsh breed) i f  removed to 
places where the so il is  deep, and the climate damp, get old 
and crocky or broken down in appearance and slack in their wool. 
I t  is  claimed that the long wools thrive best on a light dry 
so il, on account of the wool not getting so clogged in wet 
weather.w
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IV, THE PRESENT DISTRIBUTION OP SHEEP.
Prom the foregoing we learn that sheep do not thrive 
equally well where ever they have been introduced. There must 
be gome reasons why they do or do not succeed as well as in 
their native home. Conditions must be favorable i f  sheep are 
to thrive. It  was therefore thought a study of the climatic 
conditions,where sheep are found in large numbers, would be of 
value.
In working on this problem I have assumed that sections 
having a dense sheep population, i . e . ,  a large number per square 
mile, have favorable climatic conditions for sheep production. 
The dense world centers are South America (Uraguay and North­
eastern Argentina), South Africa (Basutoland) Australia (New 
South Wales) Hew Zealand, Great Britain and the Balkan states 
(European Turkey and Bulgaria). Russia* and the United States 
have a large sheep population due to their large area. (Pinch 
and Baker, 1917.)
A. Corn-parison of climates.
The climatic factors studied were temperature, ra in fa ll 
and humidity. Comparisons were mady by the use. of the 
hyttergraph (tem perature-rainfall) (Taylor, 1919) and the 
climograph (temperature-humidity) (B a ll, 1910). These graphs 
were made from the mean monthly temperature, ra in fa ll  and 
humidity records for various meterological stations located 
in these sections. Each point on the hytherograph represent? 
the mean of the temperature and the ra in fa ll fo r  one particular
12
month. The points for each month in the year were plotted 
and then connected. The mean monthly temperature and humidity
were used for the climograph. By this method two factors and
or c r it ic a l periods
the months/can he shown at one time* These graphs are made upon 
cross-section paper on which the temperatures are represented 
on the vertical scale at the le f t  and the tenths inches of 
ra in fa ll or the per cent re lative humidity on the horizontal 
scale at the top. ( lo r  a more detailed method of construction 
see Taylor 1919.) I f  possible several stations were selected 
for each section* An e ffo rt was made to get averages over as 
long a period of years as possible.
These graphs representing the mean monthly temperature, 
ra in fa ll and humidity of the most important (densest) sheep 
centers in the world were made into a composite graph, (B ig .2.)
The composite is made so that its  outer lim its w il l  include 
any of the above graphs. I t  was made by tracing one graph on 
top of another and a l l  the outer points connected. Graphs can t 
then be made of any section, and compared with the composite graph.
By comparing the graphs of the important sheep countries 
i t  was found that they show sim ilarity in ra in fa ll,  temperature 
and humidity* In general the winters are mil&* and the summers 
cool, and there is a moderate amount of ra m fa ll, su fficient to 
afford a good growth of forage. The humidity is considerably 
lower in summer than in winter.
It  was thought advisable to plot the rutting and lambing 
seasons on this composite graph because it  is believed that sheep 
are more or less sensitive during these periods. The lamping
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season, which extends over three or four months, was obtained for 
each country and then plotted. The middle month or months were 
taken as a mean because in general the bulk of the lambs are 
born at that time. (Figs. 2 ,3 ,4 .) The rutting season was 
determined from the lambing season by counting back five months. 
The mean of the rutting season corresponds to the mean of the 
lambing season, (F igs. 2 ,3 ,4 .)
We find that the lambing and rutting seasons f a l l  within 
comparatively narrow lim its of temperature, ra in fa ll, and 
humidity; and within much narrower lim its than does our composite 
graph fo r the whole year.
I f  we compare graphs made from sections which have a less  
dense population than those from which our composite has been 
made, we may find one or more variations. It  may be hotter in 
summer, colder in winter, have more or less ra in fa ll,  a higher 
humidity, or a combination of these factors. The lambing or 
rutting seasons may not f a l l  within the lim its of those in the 
composite. For example a hythergraph of Gedar Lake,Washington, 
King Country fo r 1919 shows an excessive ra in fa ll in the winter 
with 21-§- inches in January and a dry summer with 0.5 inches 
in July. There are no sheep recorded in this county., as the 
ra in fa ll is too great in winter and too l i t t le  in summer. The 
temperature conditions are favorable, the range being no greater 
than in some of the best sheep countries. (Fig. 5 .)
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B. Housing or shelter for sheet).
The lim its under which sheep can he successfully kept may 
he extended hy the use of a r t i f ic ia l  means such as shelter and 
food. The sheep in the important sheep countries are not 
housed as a ru le. They must also depend largely upon grazing 
for their food supply, although in some sections some additional 
food is provided during the winter.
Shelter or housing makes it  possible to raise sheep success­
fu lly  in sections which have low temperatures, heavy snowfall or 
excessive cold winter rains. The; types of shelter may vary 
from sheds, sufficient to break the wind and protect them from 
the cold rains, to warm, well constructed barns.
Some correction should be made for housing in comparing 
graphs of such sections with the composite graph fo r good sheep 
countries. How much correction to make for housing was a 
problem that presented it s e lf ,  but no available data could be 
found. It  was also recognized that the kinds of shelter might 
make some difference in the amount of correction.
The sheep farm at the University of I l l in o is  has two types 
of buildings; one a shed which is open to the south and the 
other a good sized, enclosed barn with a lo ft  above for hay and 
feed storage. In order to make corrections for temperature and 
humidity a hygrothermograph was placed in each building and one 
outside. This gives a comparison between the shed, the barn 
and the outdoor conditions. These hygrothermographs were 
placed in the pens where sheep were kept, except the one outside,
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which was kept in a shelter about 60 rods south of the buildings*
A ll of the machines were placed about 12 to 15 inches above the
ground which is about the mean of the center of the body of the
sheep when standing and lying down* The records from the three
machines began February 1st, 1922 and have been continued to the
present time* As yet there are not sufficient data to make
accurate corrections for housing, but there is a marked
( Table I . )
difference indicated by the records. (Fig. 23.) /The mean 
temperature is  3.4° to 10.2° higher in the barn than outside. The 
mean humidity was more variab le ,in  some cases it  was 13*6 per 
cent higher and others 6.7 per cent lower than outside* The 
differences between the shed and the outside are very small.
In the bam the temperature and Mmidity are more uniform 
with much less marked fluctuations than in the shed or out of 
doors. (F ig . 23.) The barn is warmer than the shed in cold 
weather, but it  does not warm up as quickly on a mild, sunny day 
in winter. The humidity runs higher in the barn and frequently 
the barn is steaming when opened up in the morning. Some trouble 
from pneumonia and other respiratory diseases has been experienced 
with the sheep kept in the barn, but practica lly  none with those 
kept in the shed. A study of the daily range and the maximum 
and minimum temperatures and humidities should show a greater 
difference between the barn, shed and outside. In their 
natural habitat sheep are exposed to a rather wide range of 
temperature. The days are hot and the nights cool.
On many farms the housing is  inadequate, with a resulting
16
detrimental effect upon the ewes especially where they are closely 
confined during very cold and snowy weather. Following a winter 
of this sort, the lambs are usually born weak, and as a con­
sequence less th rifty . This is  possibly due to a lack of 
exercise.
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Y. CRITICAL PERIOD.
We find that housing and feed help to carry the sheep 
through unfavorable periods and at times when it  needs more or 
less protection. There are times in a sheep's l i f e  which are 
more or less c r it ic a l. I t  is at such times more easily  and 
seriously affected by unfavorable conditions. The c ritica l 
periods are the lambing and rutting seasons, which we have 
previously found f a l l  within narrower lim its of temperature, 
ra in fa ll and humidity than the general conditions under which 
sheep liv e . (P igs. 2,3,4) The f ir s t  few months of the lamb's 
l i f e ,  and to a less degree, the period of pregnancy are also 
c r it ic a l periods. The method of representing c r it ic a l months 
is  described on p.32.
A successful lambing season is  often interfered with by 
cold, wet, snowy weather or a shortage of feed. The lamb, 
when f i r s t  born, is delicate and is  easily  chilled, not being 
able to withstand too severe conditions. The ewe is  also more 
readily affected at this time. The health and vigor of the ewe 
and lamb are also affected by conditions during pregnancy.
I f  the ewes are exposed to excessive ra in fa ll, large amounts o f 
snow, or there is a shortage of feed, they are lia b le  to come 
to lambing time in a run down condition and give b irth  to weak 
lambs. According to Hammond, 1921, i f  conditions are extremely 
severe, atrophy of the foetus may occur due to under-nutrition. 
This is much less frequent in sheep than in swine.
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The growth of the lamb during the f i r s t  few months, is  
readily retarded hy hot, humid weather or by cold, wet weather* 
The extremely hot, humid weather not only retards the growth of 
the lamb, but causes many to lose in weight. (F igs. 13,14,16.) 
The late-born lambs are more severely affected than those born 
earlie r. (F ig . 16*) (Tables I I  and I I I . )  A breeder of pure bred 
sheep in I l lin o is  has found that clipping h is lambs in May has 
enabled :them to withstand the summer conditions better.
The rutting season of sheep according to Hammond, 1921, 
comes with a fa llin g  temperature. The rutting season may be de­
layed by hot weather, particu larly  warm nights. (Coffey, 1918.) 
(F ig . 24.) This becomes a serious problem in sections where the 
late summers and f a l l s  are hot, as i t  means that the ewes w ill  
not be bred until late in the f a l l ,  which w ill throw the lambing 
season correspondingly late in the spring. In general, sections 
which have a warm f a l l  have hot summers. In the west the ewes, 
found to be open (unbred) in the spring, are gathered together 
and sent to the mountains. The ewes soon come in heat, and are 
bred for f a l l  lambs. A decreasing temperature is  brought about 
by moving the ewes up the mountains. Conditions at the rutting 
season might have some effect upon the per cent of twins. 
According to Hammond, 1921, the number of eggs produced by the 
ewes depends upon her condition at that time. This is possibly 
the largest factor in the f a l l  of lambs. This is not true with 
swine as many more eggs are usually produced than can ever 
reach maturity.
As there is some variation in the rutting season at Urbana,
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I llin o is  from year to year a study was made of the relation  
between the maximum and minimum temperatures, the mean re lative  
humidity, and the dates when the ewes were bred. It  appears 
from Fig. 24 that the heat period or oestrus occurs 5 to 8 days 
after a wide range of temperature with a comparatively low 
point in the minimum temperature and a decrease in the relative  
humidity. The lower the minimum temperature, apparently 1he 
greater the effect of bringing about the oestrus. Y/hen the 
minimum temperature dropped below 40°F. the oestrus occured in a 
larger number of ewes. Ho doubt some ewes are more sensitive to 
fthese changes than others.
Various sections experience their own d ifficu lt ie s  in 
sheep production. The Tennessee sheep men find i t  d iff ic u lt  to 
get their ewes bred early enough in the fa l l  for early spring 
lambs. They try to get their lambs on the market before the 
large shipments from other sections arrive. I f  they do not 
dispose of their lambs before hot weather the lambs cease to 
make profitab le  gains. In the past they have bought bred ewes 
from the mountainous sections of east Tennessee, but now this 
supply is  inadequate. Some have purchased bred ewes from the 
western states. The ewes were shipped with the lambs and a new 
lo t  of ewes secured each f a l l .  This, however, has not always 
proved pro fitable, due to high prices paid for the ewes and 
the transportation costs. The climatic conditions aree generally 
favorable for lambing during the winter and early spring.
In I l lin o is  we often experience unfavorable weather conditionl
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at lambing time, but this can often be overcome by proper methods 
of housing. The lambs do not thrive quite so well during long 
spells of cold, rainy weather, even though they are adequately 
housed. Occasional winters occur which are extremely cold, 
and the ground is covered with deep snow which is lia b le  to 
resu lt in weak lambs and d ifficu lty  at lambing time. The 
d ifficu lty  of getting the ewes bred early enough is  quite 
frequently experienced. The year 1915 was an exception as the 
summer was exceptionally cool. (P ig. 21.) Ewes came in heat 
during a l l  the summer months, and the f ir s t  lambs came in 
November. The summer months are generally very trying on the 
sheep. The growth of the lambs is  retarded and particu larly  
the growth of those born late in the spring. (P ig . 16.) There 
is  l i t t le  that can be done to prevent the i l l  effects of the 
extremely hot, humid weather.
The western states frequently suffer from unfavorable 
weather at lambing time which causes a large loss of lambs.
Some winters are very severe and ewes are lost in the blizzards. 
An occasional drought produces a shortage of feed, decreasing 
the carrying capacity of the ranges.
Unfavorable conditions in England are most lik e ly  to occur 
during the lambing season and during the winter months. Cold 
wet weather is  very trying upon the ewes and lambs. Frequently 
a cold wet f a l l  and winter are followed by a small f a l l  of 
lambs. (Live Stock Journal 1918 Almanac.)
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VI. GOOD AilD BAD SHEEP YEARS.
Since some years seem to be more favorable fo r sheep than 
others* a study was made of a number of years in south central 
England and at Urbana, I l l in o is .  John Hammond, 1921, found that 
the season had considerable influence on the growth of sheep, 
particu larly  during their f i r s t  year. He attributed most of 
this to ra in fa ll which he correlated with the weight at the end 
of the f i r s t  nine months of the lamb’ s l i f e .
A. England.
The years 1909 to 1921 (1912 no data) in England were 
studied, and the information regarding the effect of each year 
upon the sheep was obtained from the Live Stock Journal Almanacs 
1910-1922, and annual report of the Pure Bred Sheep Industry 
in England. The years most favorable together with those most 
unfavorable, for the Southdown and Hampshire breeds were 
selected. Seasons unfavorable for those breeds were unfavorable 
for others, at least, in most d istricts in England. Descriptions 
of the climatic conditions in England fo r the years 1909 to 
1921 (1912 no data) are given on the following pages.
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The climatic conditions in England for ,
the years 1909-1921.
(1912 no data.)
Sheep in 1909. Live Stock Journal 1910 Almanac, p.167.
wThe lambing season amongst the Dorset Horned flocks, which 
finishes early in January, was exceptionally successful, flockmasters 
reporting fewer losses and a greater number of twins than usual*
Both this and the early-lambing Down breeds benefited by the favour­
able weather experienced during the last two months of the year, 
and as lambs f e l l  strong and healthy, the flocks that lambed down 
during January and February suffered few losses. The percentage of 
twins was, as a rule, satisfactory. Later on some flockmasters 
reported a shortage of keep, but on the whole, the lambing season 
may be described as very satisfactory."
Southdown Sheep in 1909,pl75, By Jonas M. Webb. 
nBreeders also suffered in a degree during the summer and autumn 
months, for although keep was p len tifu l, the absence of any con­
tinuous sunshine and also the constant rains affected the quality of 
roots and green crops. The late harvest extended into the month of 
October, even in the South of England.............. "
Hampshire Downs in 1909, p.177.
"A favorable lambing season was experienced in the Hampshire 
Down flocks, the lambs being strong and healthy, while the losses of 
ewes were generally small. In some cases the results were not so 
good, and there were several references to the comparative scarcity 
of twins. Although the root crop was short, the sheep had been 
helped by an open and mild winter, so that the food question was not
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one of great d ifficu lty , taut purchased feeding stuffs were dear."
Sheep in 1910. Live Stock Journal 1911 Almanac,p.164* By 
Pastor.
"The lamtaing season in the Dorset Korn flocks finished early in 
January. Reports furnished tay a number of prominent flockmasters at 
the time varied considerably, some breeders having experienced an 
average f a l l  of strong lambs, whilst others complained of weakly 
lambs and considerable losses, due, doubtless, to the exceedingly we' 
conditions previous to and during the period of lambing. Por the 
same reason the losses in some of the early-lambing Down flocks were 
heavier than usual, although on the whole Hampshires, Oxfords, and 
Suffolks came well through the c r it ic a l period with a fa ir  per­
centage of twins. The la te r lambing breeds, as a rule, experienced 
a satisfactory season, although even amongst them complaints of 
loss of ewes and lambs were by no means infrequent."
Southdowns in 1910, p.172. By Jonas M. Webb.
"Lambs suffered from the cold wet summer weather, which was 
somewhat similar to that experienced in the sunless year of 1909. 
Northerly and north-easterly winds prevailed in England, with con­
tinuous cold rains; while in Aberdeenshire at the same period a 
drought of two months' duration was experienced, so great a contrast 
was there in different portions of this small country. The one 
redeeming feature of the season was a delightful September fo r the 
harvest of the corn crops, which in many d istric ts  took place a 
month la te r than in normal seasons."
Hampshire Downs in 1910, p.174. Joy H.D.
"A rather d iff ic u lt  lambing season was experienced, and there 
were references to ewes having gone back owing to the in ferior
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quality of the hay* Roots were fa ir ly  p lentifu l, but bad weather 
caused the ewes to consume a large quantity of hay* Losses were 
sligh t at lambing time, and the youngsters were of good quality, but 
rainy weather checked growth, and twins were not so numerous as 
u su a l."
Sheep in 1911. Live Stock Journal 1912 Almanac, p.167. By 
Pastor.
"The abnormally wet summer and autumn experienced in 1910 was 
probably responsible for the uneven, and in some instances, very 
poor f a l l  of lambs reported from some of the Dorset Horn flocks.
Many of the early lambing Hampshire Down flocks suffered from the 
same cause, but on the whole the lambs seem to have been born strong 
and healthy, and except in a few d istricts, came well through a 
d if f ic u lt  period. Other breeds which lambed later in the season 
met with more genial conditions, although the ewes suffered much from 
the wet weather ea r lie r . Flock masters in many d istric ts  complained 
of the scarcity of twins, a complaint the ju stifica tion  for which is  
found in the low percentage of 101*02 lambs to ewes recorded in the 
o f f ic ia l  s ta t is t ic s ."
Southdowns in 1911, pp.173-174. By. Jonas M. Webb.
"The month of December 1910 was remarkable for its  ra in fa ll;  
over 28 inches were recorded at Greenwich, an amount which had only 
once been exceeded in the thirty years preceding.
"It  was probably due partly to this soaking that the springs in 
our wells and streams held out so well during the phenomenal summer 
that followed.
"The season has been a remarkable one. April was a cold month 
with sharp frosts; May delightfu l, almost summerlike; June also,
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with, a l i t t le  rain about the time of his Majesty’ s Coronation; July 
ushered in great heat, 86° being recorded in the shade* The writer 
saw both wheat and barley cut on July 21st during a journey from 
London to Gloucestershire, and twenty-four consecutive days passed 
without any rain* Harvest was over in about three weeks in many 
parts of England. August was an exceedingly fine and hot month for  
the holidy-makers, and September came in with such heat that the 
records of shade temperature for the f ir s t  eight consecutive days 
in the south of England are worth recording. September 1st, 79°; 2nd 
84°; 3rd, 81°; 4th, 74°; 5th, 81°; 6th, 85°; 7th, 89°; 8th, 92°.
"Such a season could not well be suited to the growth of food 
for our flocks; the root crops were in many cases miserable fa ilu res, 
and many dairy farmers were consuming in September the hay of 1911 
which was rising rapidly in p rice ."
Hampshire Downs in 1911, p.176. by. H.D.
"The year opened favourably, some breeders remarking that the 
weather conditions for the lambing season were the finest ever 
experienced,. Lambs were strong and healthy, with good colours, but 
there was a general complaint that the percentage of twins was less  
than usual, v/hile in some cases ewes were lost, the preceding wet 
autumn having been trying to them* The low price of mutton was 
discouraging, and the protracted drought and scarcity of keep made 
the d ifficu lt ie s  very serious indeed."
Southdowns in 1913. Live Stock Journal 1914 Almanac, p.173. By 
Jonas M* Webb.
"The winter season was remarkable for its  heavy ra in fa ll in mild 
weather, much of the West of England especially being sodden for week 
and sharp frosts did not arrive until the third week in February.
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May brought great heat, and a short drought la te r caused a dearth of 
roots in many d istricts, hut a large hay crop was secured. August 
and September brought grand weather for the harvest, which was a 
late one. In October a real St. Luke*s summer was experienced - the 
weather at that time (October 18th) being a l l  that could be desired."
Hampshire Downs in 1913, p.175. By H.D.
"Notwithstanding the unfavourable weather for lambing the re­
sults proved satisfactory. Losses were ligh t, and the lambs came 
strong and healthy. There was, however, a general reference in the 
reports,to the small percentage of twins, though in a few instances 
a good proportion of these was noted. Trade for a l l  classes proved 
very good, prices of ordinary ewes being 8s. to 10s. and lambs 5s. 
per head dearer than in 1912. This is  the more satisfacotry, inas­
much as dry weather and deficient root crops made their influence 
f e l t . "
Sheep in 1914. Live Stock Journal 1915 Almanac, p.121. By 
Ovis.
"The results of lambing proved on the whole satisfactory, in 
spite of wetweatlier in March. In the o ff ic ia l  report in inarch the 
season was described as generally quite up to the average, and in 
many cases satisfactory. Twins in some instances were stated to be 
scarcer than usual, but ewes and lambs were strong and healthy, and 
the mortality was estimated to be less than the average, though there 
were exceptions. In the April report lambing was again stated to 
have been quite satisfactory, a fu l l  average, and sometimes an over 
average, f a l l  having been reported a l l  over the country with 
re lative ly  few exceptions. Ewes and lambs were generally strong and 
heal thy, and losses did not appear to be as numerous as might have
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been anticipated from the trying conditions which lasted through the 
whole of March."
Southdowns in 1914, p.128. By Jonas M. Webb.
"The year opened with a favourable season and the price of wool 
advanced brisk ly  at the opening sales in March. A dry summer was 
good for the health of flocks, but root crops, especially in the 
eastern counties, were badly affected, as very l i t t l e  rain f e l l  
between march and September."
Hampshire Downs in 1914, pp.129-130. By H.W.
"The lambing season in the Hampshire Down flocks proved fa ir ly  
good. The f a l l  was reported to be quite an average one although 
twins were fewer than usual. In spite of the wet weather in March 
lambs were generally in good condition, but ewes were less  
satisfactory. Throughout Hampshire and W iltshire, although twins 
were fewer, the losses were small, and an average crop resulted, 
while the mortality among ewes was also less than usual."
Southdowns in 1915. Live Stock Journal 1916 Almanac, p.130. By 
Jonas M. Webb.
"The year 1914 closed in wet, December's ra in fa ll being un 
precedented, but the winter weather was mild.
"Lovely weather in April and early May was followed by some late  
frosts, but June and July brought a splendid summer until the end 
of the la tte r month, when pouring rains extending fa r into August 
seriously threatened the corn.
"After the f i r s t  fornight in August fine weather came once more
and continued into the autumn, and a good harvest was secured."
-132
Hampshire Downs in 1915, p.131, By.H.W.
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"At the end of January the report as to lambing was that ewes 
lost flesh  during the excessively wet weather, but they had improved 
somewhat with the more favourable conditions. Early Down lambs in 
central Hampshire were weak, and mortality had been heavy. Early 
lambs were doing well in central W iltshire; in the north-east of the 
county, however, many had died from ch ills . In February it  was 
stated that in Wiltshire ewes were in poor condition; though lambs 
were healthy, there had been no excessive mortality, but there were 
not many twins. In Hampshire the condition of ewes was satisfactory, 
except in the central part of the county where i t  was said to be 
rather poor. There was generally an average crop, but not many twins 
Lambing was practically  completed by the end o f March, and the f a l l  
was rather below average. The condition of ewes had improved during 
that month, and lambs, particularly the later born, were doing very 
w e l l . "
Southdowns in 1916. Livestock Journal 1917 Almanac, p;.132.
By Jonas M. Webb.
M The season of 1916 w ill long be remembered for many things 
......... .........a cold spring and a late harvest........ "
Hampshire Downs in 1916, p. 130. By. A.J.L.
"The year, however, cannot be said to have been a bad one for  
flockmasters in genera l."
Hampshire Downs in 1917. Livestock Journal 1918 Almanac, p.139.
By A. J.L«
"Hampshire Down sheep breeders have had a d iffic u lt  season.
The f a l l  of lambs was scarcely up to average; and following a 
severe winter flockmasters passed through a very trying spring, 
when keep was particularly short. The high price of cake
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added to the d ifficu lty  of maintaining a flock in good condition,
From June onwards, however, the outlook improved. There was plenty 
of feed, and sheep were put on the market in f irs t -ra te  condition, 
commanding such prices as have never "before been known,M
Suffolks Sheep in 1917, p. 139. hy. 3B.H. Prentice.
"Suffolks like  other breeds, were handicapped by acute feed 
shortage in the early spring, so that the returns from registered  
flocks show the number of lambs reared per 100 ewes to be only 124.03 
compared with an average of 133.93 for the previous 29 years."
Southdowns in 1918. Livestock Journal 1919 Almanac, pp. 133,138 
J3y Jonas M. Webb.
"Speaking generally, the lambing season was a good one.
There were heavy losses in the northern counties, where the weather 
was exceptionally wild at that season.
"The end of the month of March was more like early summer.
This was very favorable for the seed time, and a good harvest 
followed, although bad weather over took the later harvesters, and 
much damage was caused in many d istricts in the Midlands and in the 
North."
Southdowns in 1919. Livestock Journal 1920 Almanac, p.155. 
joy Jonas M. Webb.
"The spring of 1919 was not favourable to the young lambs. 
January and February were very wet months, with snow and frost -  so 
severe, indeed, in the la tter month that skating was enjoyed for 
about a week. In some d istricts  the greatest ra in fa ll in march 
for the past h a lf century was recorded. This caused great delay in 
the cultivation of the land. On the morning of March 29th Londoners 
twoke up to find 7-|- inches of snow on the ground, and a month later,
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April 27th, another great storm swept across a much larger area, 
breaking down the trees which were in lea f, and destroying sheep 
as well as lambs in the nothem counties. Then followed a 
b r ill ia n t  month of May and a drought, a cold July, and great heat in 
August."
Southdowns in 1920. Livestock Journal 1921 Almanac, p. 132.
By Jonas M. Webb.
“A wet January in 1920, followed by a very warm and early spring, 
a colder April, and a lovely June was succeeded by ch illy  weather, 
with acittal frost in August, but a grand October, without rain. The 
root crop was good, and the harvest in the South was not much
damae6d- "  156.1
Hampshire .Downs in 1921. Livestock Journal 1922 Almanac, pjp.154
by A. J .1.
"Hampshire Downs have passed through one of the most d iff ic u lt  
years the oldest flockmaster can remember - prolonged drought, couplec 
with a fa llin g  market.
"Added to the general trade depression was the drought, which 
rendered wihter-keep prospects more precarious than has been known 
for many years."
Southdowns in 1921, p. 162. -ay. Jonas M. Webb.
"The annual record of the weather in this a rtic le  can only be
described by the word * phenomenal.* While Scotland and the west of
~ ion
England had their dry seasons, a great port/of East Anglia 
experienced 13 months' drought, which can hardly recur again. At no 
time between the end of September 1920 and October 1921 did the heavy 
land become wet and dirty to walk on. V illagers had to buy water for 
months, and farmers carted it  for six months fo r livestock. The
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temperature on October 5th in the south was 84 degrees in the shade, 
and on October 9th 82 degrees*w
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A number of meteorological stations were selected in south 
central England, the native home of these breeds and the 
loca lity  in which they are found in greatest numbers. Climographs 
and hytherographs were made from the monthly means for the years 
1909, 1910, 1911, 1914, 1915, 1917, 1918, 1919, 1921. Erom the 
information at hand, the best lambing seasons, the most favorable 
summers, autumns and winters were selected, and from these a 
composite hytherograph and climograph were made, which 
represent a good sheep year in England. (Eig. 6 .) The unfavor­
able years can be compared with this good year and the contrast 
noted. (E igs. 9, 10, 11, 12.)
Certain months of a good year, which are more or less  
c rit ic a l, f a l l  within narrow lim its, so a graph was made for the 
months of February, March, April, May and June from the good 
years. Eor; example, in comparing April of any given year which 
was too cold with 1he composite hythergraph and climograph it  
might f a l l  within the lim its of a good year, (E ig. 6) but when 
compared with a composite containing the lim its for April of a 
good year (E ig. 7) i t  w ill be found to fa l l  far below. (E igs.
ICC ,11.) A composite was made for the five months only, because 
they f a l l  within narrower lim its than some other months in the 
year and they come at more c r it ic a l periods. Comparing the 
graphs for several years we find that they differeconsiderably  
from one another and do not always fa l l  within the lim its of a 
good sheep year fo r England. The graphs for the year 1909 at 
Reading, England fa l ls  within the lim its of our composite for a 
good year. The Live Stock Journal Almanac for 1910 states that
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1909 was a satisfactory year for sheep and in particular the 
lambing season.(Fig. 8 .) The simmer of 1911 at Hasting was hot, 
and July was very dry. The humidity was high in July and 
August, while October, November and December were wet.
(F ig. 9 .) We see from Fig. 10 that March in 1914 at Reading 
was too wet, as was December of the same year. April 1917 at 
Rounton was too cold, as was January, February and March.
August was too wet with over 6 inches of ra in fa ll .  (Fig. 11.)
The year 1921 at Croyden was dry and the summer was particularly  
dry and hot, accompanied by a humidity a l i t t le  above the lim its. 
The lambing season, however, was favorable. (F ig . 12.)
B. I l l in o is .
A comparison was made between the good and bad years at 
Urbana from 1906 to 1922. The information obtainable was not 
as complete as for England. The rate of gains made by the 
lambs was taken as an indication of the effect of the summer 
conditions upon the lambs. The mean weights of each breed, 
the Southdowns, Shropshires and Rambouillets were plotted fo r the 
years 1907, 1911, 1913 and 1915. The weights were taken each 
month and during some years these were taken every two weeks.
The mean temperatures and humidity for two week periods were 
also plotted. Figures 13,14,15 and 16 show a comparison of the 
growth or increase in weight with the mean temperature and 
humidity. I t  shows that a high mean temperature accompanied by
34
a high humidity retards the growth of the lambs, and in some 
cases causes a loss in weight for a two to four week period.
A mean relative humidity over 80 per cent and a mean temperature 
over 70°F. seem to be detrimental. The sheep can stand a 
rather high mean temperature, providing the mean humidity is  not 
over 60 or 65 per cent. (F ig. 15.) The rate of growth was 
more uniform in 1913 than for the other three years plotted.
The study has not been carried far enough to give definite lim its 
of temperature and humidity. The Rambouillets seem to be less  
affected by unfavorable conditions than are the Southdowns 
and Shropshires, and more attention should be given to finding 
breeds best suited to a loca lity . The Rambouillets come from 
a county where the temperature is higher than do the Shropshires 
and Southdowns. The late born lambs are more seriously affected  
by unfavorable conditions than the early born lambs as is 
shown in Fig. 16.
Figure;17 shows the lim its of temperature, ra in fa ll and 
humidity of a good sheep year at Urbana, I l l in o is .  It  closely  
approximates the lim its of a good sheep year in England, 
although it  has wider lim its, being warmer in summer and 
colder in winter. Eigures 18, 19, 20, 21 and 22 are hyther- 
graphs and climographs of the years 1907, 1912, 1913, 1915 
and from June 1920 to June 1921 respectively at Urbana, 111., 
which are compared with the lim its of a good sheep year at 
Urbana, It  was found that summers, unfavorable for the growth 
of the lamb are rather common. Winter conditions make it  
necessary to house the sheep during the bad weather.
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V II. CONCLUSIONS.
In conclusion, I believe that we are ju stified  in stating 
that climatic conditions are large factors in the distribution  
of sheep. The dense sheep population of the world are found 
within comparatively narrow lim its of temperature, ra in fa ll  
and humidity. The mean temperature is  between 28° and 77°!’.,
the ra in fa ll between .3 and 4.5 inches, and the humidity betweenA
55 per cent and 70 per cent at the higher temperatures and
65 per cent and 91 per cent at the lower temperatures. Such
conditions afford mild winters, cool summers and sufficient  
ra in fa ll to provide good grazing. Climatic conditions must be 
favorable especially during the c r it ica l periods of lambing, 
the rutting season, the growth of the lambs, and the period of 
pregnancy. The lambing period generally comes in the spring 
so the lamb w ill  get a good start before hot weather sets in.
In the spring there is also an abundance of forage for the
suckling ewe. The growth of the lamb is retarted by high 
temperatures and humidity, by excessive ra in fa ll and cold 
weather. The rutting season comes with a fa llin g  temperature, 
and a rather wide range between the maximum and minimum 
temperature. At Urbana a minimum temperature above 40° F. 
had a very l i t t le  affect upon the rutting or heat period, but 
when it  f e l l  below 40° F. the ewes came in heat in large 
numbers.
Unfavorable conditions at the rutting season or during 
the gestation period tends to produce a small f a l l  of lambs,
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and often times weak lambs. I f  these c r it ic a l periods are 
greatly disturbed sheep are not lik e ly  to be numerous or 
pro fitab le .
In some sections the lim its of successful sheep production 
can be extended by proper methods of housing. The barn maintains 
a much more uniform and higher temperature and humidity than the 
shed or out of doors. The conditions in the bam are not 
entirely satisfactory for the best health of the sheep so 
housed.
The good years closely resemble the average conditions 
found in the best sheep countries. The bad years generally have 
unfavorable conditions at some of the c r it ic a l periods. The 
most serious condition in I l lin o is  is the hot summer and high 
humidity and no practical methods of overcoming these conditions 
are known.
At Urbana a mean temperature over 70° S’, accompanied by a 
mean relative humidity over 80 per cent retards the growth of 
lambs. A higher temperature can be tolerated i f  the humidity 
is  lower.
The Rambouillets seem to stand the unfavorable conditions 
during the summer at Urbana better than the Southdowns or 
Shropshires.
Sheep bear a defin ite relation to climate and thrive best
mild
where cool summers an^/winters prevail, and su ffic ient ra in fa ll  
is  afforded to provide good grazing.
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Fig. 1 shows the conditions of temperature and ra in fa ll  
under which the Mouflon (w ild  sheep of Europe) is  found. The 
data available was only for lower levels where sheep are found 
only in the winter. A correction of 1° p, for every 300 f t .  
rise in altitude (Bartholomew, 1899, p.6) was made for the 
summer as indicated by the dotted lines in the hythergraph.
The sheep go up the mountains in the summer, and an average 
height of 3000 ft .  was assumed. Some of the mountains in these 
Islands are over 5000 f t .  in height.
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3?ig. 2 is  a composite hythergraph (temperature and ra in fa ll )  
and climograph (temperature and humidity) of the dense centers 
of sheep population in the world. They represent the lim its 
for optimum development of sheep thruout the world. The outer 
black line in the graphs represents the lim its thruout the 
yeafc. The temperature, ra in fa ll and humidity should not f a l l  
outside of these lim its. The section which is red, with 
lines running horizontal is the rutting season, and the area 
within which contains small red circles represents optimum 
conditions for rutting. The area with vertical black lines is  
the lambing season, and the area within which contains the small 
black circles represents optimum conditions for lambing.
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i’ig . 3 is  a composite hythergraph ( temperature-rainfall) of 
the dense centers of sheep population as found in the world.
The section to the le ft  represents the limits of temperature 
and ra in fa ll fo r sheep thruout the year. The center section 
shows the lim its of the lambing season, and within the optimum 
conditions for lambing. The section at the right shows the 
lim its and optimum conditions for the rutting season.
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3?ig. 4 is a composite climograph ( temperature-humidity) 
of the dense centers of sheep population found in the world* 
The lambing and rutting seasons are separated from the lim its 
thruout the year. The lim its of temperature and humidity 
thruout the year are found in the section at the le f t ,  the 
lim its and optimum conditions for the lambing season in the 
center, and the lim its and optimum conditions for the 
rutting season at the right.
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Pig. 5 is a hythergraph (temperature- ra in fa ll )  of Cedar 
Lake, Washington in 1919. The range of temperature of 34° -  
65° F. is  small but the ra in fa ll varies from % inch in July 
to 21-J- inches in January.According to Pinch and Baker, 1917, 
there are no sheep recorded in King County. The ra in fa ll is  
excessive in the winter, while in the stammer i t  is  too dry to 
produce good grazing. Both conditions are unfavorable for the 
development of sheep.
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Pig. 6 shows by means of a hythergraph (tem perature-rainfall) 
and a climograph ( temperatu re-humidity) the lim its of a good 
sheep year in South Central England. These are composite graphs 
made up from graphs of good sheep years or parts of good years.
I f  the temperature, ra in fa ll or humidity f a l l  outside these 
lim its, the conditions w ill not like ly  be favorable fo r sheep.
Any given year can be compared with these lim its of a good sheep 
year, and its  desirab ility  determined in a general way.
Limits — Good
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tfig. 7 shows the lim its of February, ii/iarch, April,. May and 
June in a hythergraph and climograph of a good sheep year in 
England. I t  frequently happens that the conditions for a given 
month w ill  f a l l  within the outer lim its of the graphs but s t i l l  
be uniavorable for sheep. In Plate X March (3),  which is  very 
wet, fa l ls  far to the right of the limits for a March which is  
favorable for sheep. In Plate XI April (4) is too cold and 
fa l ls  below the lim its of a favorable April.
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Pig. 3 shows a hythergraph and climograph of Reading, 
England, 1909, in which a l l  points of the graphs f a l l  within 
the lim its of a good sheep year. The climate of Reading was 
favorable for sheep in 1909, and the lambing season was 
satisfactory. (Live Stock Journal 1910 Almanac.)
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Pig. 9, a hythergraph and climograph of Hastings England, 
1911. ihe hythergraph shows July to be hot and dry and August 
hot. October, November and December are wet having 5 to 5£ 
inches of ra in fa ll each month. The cliraographishows that 
July and August f a l l  outside of the limits fo r a good sheep 
year. The temperature and humidity are both high, a 
condition which is unfavorable for sheep. The Live Stock 
Journal 1912 Almanac states that April was cold with sharp 
frosts, the drouth in July caused a scarcity of feed. July, 
August and September were hot. The hot summer had the effect 
of causing large numbers of sheep being thrown on the fat 
market in an unfit state. In some sections the root crop 
was a fa ilu re .

60
Pig. 10, a hythergraph and climograph of Reading, England 
1914. The climograph is not complete as the humidity fo r  
June, July, August and September was not recorded. March is  
too wet as it  f a l ls  far too the right of the lim its fo r a 
favorable March. The summer was rather dry and December very 
wet. The Live Stock Journal 1915 Almanac states that the 
lambing season was fa ir ly  satisfactory im.spite of the wet 
weather and trying conditions in March. A dry summer was 
good for the health of the flocks, but tlae root crops and 
pastures were badly affected as very l i t t le  rain f e l l  between 
March and September. The Live Stock Journal 1916 Almanac 
states that the year 1914 closed in the wet, December's rain­
f a l l  being unprecedented. At the end of January the report 
as to lambing was that ewes lost flesh during the excessively 
wet weather. Experts regard the rainless autumn of 1914, the 
shortage of roots and feed, followed by a wet and cold winter, 
and early spring as the reason for the short lamb crop.
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Pig. 11. a hythergraph and climograph of Rounton, England 
in 1917. The humidity was not recorded fo r January, February, 
March and December. January, February and March f a l l  below 
the outer lim its of a good sheep year, and April fa l ls  far  
below the lim its in a favorable year. August is rather wet 
but not extremely hot, and is not accompanied by a high 
humidity. The Live Stock Journal 1918 Almanac states that 
the breeders had a d iff ic u lt  lambing season. The fa l l  of 
lambs was not up to average and in some sections the crop 
was the smallest in number and size on record. Following a 
severe winter, flock masters pass through a very trying 
spring when keep was particularly short. On account of the 
severe winter the wool crop in some sections was also 
short.
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Fig. 12, the hythergraph and climograph of Croyden, 
England, 1921 show that the winter was mild and the entire 
year dry, with practically  no ra in fa ll in June and July. 
July, September and October had high temperatures, and a 
rather high humidity. The Live Stock Journal 1922 Almanac 
states that 1921 was one of the worst years experienced 
because of the prolonged drouth. An acute feed and water 
shortage was experienced. In a great protion of East Anglia 
they experienced 13 months of drought. Between September 
1920 and October 1921 there was practically  no rain. The 
temperature October 5th in the South was 84° in the shade 
and on October 9th, 32°.
L S' 
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Fig. 13 shows the growth of lambs in 1907, and the 
relation to the mean temperature and humidity. The weigh­
ings were taken each month and the mean weights of the 
Rambouillets, Shropshires and Southdowns were plotted 
separately. The mean temperature and humidity ms plotted 
by 2 week periods. The high temperature and humidity from 
the middle of July to the middle of August was followed by 
a marked decrease in gain from 8-16 - 9-13. The Shropshires 
and Southdowns made practically no gain, while the Rambouillets 
made a small gain. It  seems that the Rambouillets are least 
affected by a high temperature and humidity. The mean age of 
the breeds vary as seen from Table I I I ,  but 1he decrease in 
gain came between 8-16 and 9-13 in a l l  three breeds.
Relation —  G i r o w t h  Of La-nibs to the
Mean Temperature, and Humidity
Ramboui llets “© “ Humidity
S h r o p s h i r e S ^  Temperature
S o u t h c / o W N S
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T a b l e  I I I .
Mean w e i g h t s  o f  R a m b o u i l l e t s ,  S h r o p s h i r e s  
a n d  S o u t h d o w n s .
1 9 0 7
Mean d a t e  
o f  b i r t h
Ay . b i r t h  
w t .
3 / 2 9  " 4 / 1 2  4726 5 /1 0 6 / 1 4  " " 7 /1 2 8 / l 6 — 9 / l  3 10/ n 1 1 /8 1 2 /6
Ramb o u i l l e t s
3 - 2 6 1 0 . 1 1 1 . 8 1 7 . 5  2 2 . 3 3 0 . 3 5 4 . 7 6 1 . 9 7 1 . 8 7 6 . 4 8 3 . 4 9 6 . 2 9 5 . 1
S h r o n s h i r e s
3 - 1 7 8 . 8 1 5 . 4 2 0 . 9  2 9 . 4 3 7 . 2 6 1 . 0 6 9 . 3 8146 .■ 8 2 . 1 9 0 . 6 1 0 1 . 6 1 0 0 . 8
S o u t h d o w n s .
4 - 5 8 . 4 2 0 . 6 4 1 . 0 5 3 . 0 6 4 . 2 6 7 . 5 7 5 . 0 8 3 . 0 8 5 . 4
1 9 1 1
Mean d a t e Ay . b i r t h 3 / 4 3 / 1 8  4 / 1 4 / 1 5 4 / 2 9 5 / 1 3 5 / 2 7
o f  b i r t h w t . 6 /1 0 6 / 2 4 7 /8 7 /2 2 8 /5 8 / 1 9 9 /2 0
R a m b o u i l l e t s
3 - 3 0 9 . 3 1 2 . 5  1 6 . 0 1 6 . 7 2 2 . 3 2 8 . 3 3 2 . 3 3 7 . 9 4 2 . 3 4 9 . 9 5 8 . 5 6 5 . 2 6 5 . 6 8 1 . 2
S h r o p s h i r e s
— 1 2 . 9 1 9 . 2  2 5 . 6 3 1 . 5 3 8 . 5 4 5 . 1 4 9 . 4 5 3 . 9 5 5 . 9 6 0 . 9 6 3 . 5 6 7 . 2 7 1 . 7 6 8 . 5
S o u t h d o w n s
~ — 1 1 . 0 1 5 . 0  2 1 . 5 2 6 . 6 3 2 . 0 4 0 . 6 4 4 . 5 4 9 . 5 5 0 . 9 5 6 . 3 6 0 . 7 6 5 . 0 6 2 . 5 6 8 . 7
1 9 1 3
Mean d a t e Ay . b i r t h  3 / 2 4 6 / 7  6 / 2 1 7 / 5 7 / 1 9 8 / 2 8 / 1 6
o f  b i r t h w t . 8 / 3 0 9 / 1 3 9 / 2 7 1 0 /1 1 1 0 / 2 5 1 1 /8
R a m b o u i l l e t s
4 - 2 4 8 . 8 2 3 . 1 3 0 . 1  3 7 . 0 4 3 . 3 4 8 . 5 5 3 . 8 5 9 . 9 6 8 . 2 7 5 . 1 7 7 . 8 8 2 . 9 8 4 . 5 8 8 . 3
S h r o p s h i r e s
3 - 1 5 8 . 0 4 4 . 9 5 0 . 6  6 0 . 3 6 5 . 2 7 0 . 6 7 6 . 5 7 9 . 4 8 5 . 6 9 1 . 2 9 5 . 6 9 7 . 8 9 9 . 2 1 0 2 . 0
S o u t h d o w n s
3 - 1 5 6 . 2 3 4 . 0 5 0 . 0 5 4 . 4 6 0 . 9 6 2 . 0 6 3 . 1 6 6 . 3 7 1 . 4 7 3 . 5 7 7 . 6 8 0 . 2 8 3 . 2
1 9 1 5
Mean d a t e A v . b i r t h 3 / 2 0 4 / 3  4 / 1 7 5 / 1 5 / 2 9 6 / 1 2 6 / 2 6 7 /1 2 7 /3 1 8 / 2 8 9 / 1 1 9 / 2 5 1 0 / 2 3
o f  b i r t h w t .
R a m b o u i l l e t s
3 - 6 9 . 5 1 3 . 7 2 4 . 7  3 0 . 2 3 8 . 9 5 2 . 7 5 5 . 2 6 2 . 0 6 9 . 0 7 2 . 7 8 1 . 6 8 4 . 1 8 4 . 7 9 3 . 9
S h r o p s h i r e s 8 / 1 4
3 - 7 1 2 . 4 2 4 . 4 3 4 . 0  4 0 . 0 5 2 . 0 7 5 . 5 8 0 . 0 8 5 . 0 8 9 . 0 9 4 . 0 9 3 . 0 9 4 . 0 9 5 . 0
L a t e  b o r n  S h r o p s h i r e s
4 - 2 1 7 . 2 2 o . 3 3 5 . 5 3 6 . 3 3 8 . 8 4 3 . 7 4 6 . 3 5 1 . 3
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If'ig* 14 shows that in 1911 the humidity was particularly  
high during August, and the temperature was high during July 
and August. The Southdowns lost in weight and the Rauibouillets 
made no gains between August 5th to 19th. The Shropshires 
were not affected until after August 19th when they lost in 
weight during the next month.
reflation — Gcrowth of Lambs to the 
Plecm Temperature and Humidit 
RambouiLets Humidity
Shropshires - x -  Temperature
Sou.thdowNS
♦■-/f t-29 5-13 5-27 6-/0 6-2* 7-8 7-22 g -J  8-/9
Dates of f ; a ,
e -z o
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Fig. 15 shows a rather low humidity, especially during 
most of the hot weather, and a high temperature during June, 
July and August. A rapid rise in the humidity the f ir s t  
part of July was followed by a decrease in gain of the 
Southdowns, between July 19th and August 16th, and of the 
Shropshires between August 2nd and 16th. The Rambouiletts 
were only slightly  affected. A rapid rise of the humidity 
the last of August was followed by a decrease of gain by 
the Southdowns and Rambouillets between September 13th and 
27th. Compared to 1907, 1911 and 1915 the increase in 
weight was mor e regular.
Relation — Gcrowth of Lam bs to the 
M e a n  T e m p e r a t u r e  a*<i H u m id it 
Ramboui I lets - O -  Humidity
Shropshires Temperature
Southc/owNS
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Pig* 16 shows the mean weights for the Shropshires, 
Rambouillets and the late horn Shropshires. The rather 
high temperature and humidity in July was followed in 
August and September by a loss in weight, and an almost 
stationary condition by the Shropshires. The Eambouillets 
decreased in gain between September 11th and 25th* The 
late born Shropshire lambs did not make the rate of growth 
that the early bom lambs did. They made 3.3 lbs. of gain 
from July 12th to August 14th, while the early bom lambs 
made 18 lbs. gain when the same age for the same length of 
time. (Table I I I . )
Relctt/on — Growth Lambs to the 
Mean Temperature, and Humidit 
Rambou.il lets ~0 " Humidity
5 hropshire.s Tem peratuf
ShropsKires -  /ate born
3-ZO 4-3 4-/7 s-l S-i3 iT.-lf £-26 7-12 7-31
Dates of wei^hmjs, F J q . " * '
8-28 9-«
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Pig. 17 shows a hythergraph and climograph of a good 
sheep year at Urbana, I llin o is . They are composite graphs 
made from favorable years and favorable seasons of otner 
years. The desirability  of climate of a given year for  
sheep can be compared with this composite. Temperature, 
ra in fa ll or humidity which fa l ls  outside of these limits is  
like ly  to be unfavorable for the bdst development of sheep. 
The most serious conditions exist when the points of the 
graphs go above and to the right of the lim its. Some un­
desirable conditions can be overcome but high temperatures 
and humidities cannot be readily modified.
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Fig. 18, a hythergraph and climograph of Urbana, I llin o is  
in 1907. The humidity was not recorded for January, February, 
March and April. The hythergraph shows a wet January, a 
cold and dry February and a rather heavy ra in fa ll from May to 
the last of August. The climograph shows June, July, August 
and September with a high humidity. The growth of the lambs 
during the latter ha lf of June, and during July and August was 
more or less retarded. (Fig. 13 and Table I I I . )
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Fig. 19 shows low temperatures for January, February and 
March which could he overcome to some extent by housing. 
Although April was a l i t t le  wet it  is  not as serious when the 
sheep have some protection. The high temperature and humidity 
during July, August and September produced humid conditions 
which seriously affected the lambs and sheep.
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Fig. 20 shows January with a high ra in fa ll, February 
cold and March cold and wet. The months of June, July 
and August were hot being above the limits of a good year. 
Although the temperature was high the humidity was 
comparatively low. The growth of the lambs was good, and 
the gains were more uniform than the gains for the years 
1907 and 1915. This was possibly due to the prevailing 
lower humidity. The Southdowns, and to a less extent the 
Shropshires, were affected by the rise in humidity the 
f i r s t  part of July. Another rise in humidity the last of 
August, when the temperature was s t i l l  high, affected the 
gains of the Rambouillets and Southdowns to a slight extent, 
in September. (Plate 15 and Table I I I . )
$ t
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Fig. 21 shows the month of January he low normal in 
temperature, and a cool summer with a high ra in fa ll in 
July, with an August above normal. The humidity was 
higher than normal in July, August and September. The growth 
of the lambs was retarded in August and September, and in 
addition the late bom lambs were affected the la tter half 
of July. (Fig, 16 and Table I I I . )  A heavy ra in fa ll,  
particularly in the summer produces a higher humidity close 
to the ground where the sheep live, than the meterological 
records would indicate.
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Fig. 22, a hythergraph and climograph of Urbana, I llin o is
fo r a 12 month period from June 1920 to June 1921 inclusive, 
that
shows/all points of the hythergraph (temperature and ra in fa ll)  
f a l l  within the lim its of a good sheep year except March,
April and May which are a l i t t le  wet. A ll points of the 
climograph f a l l  within the lim its of a good sheep year.
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Fig. 23 shows two hygrothermograph record sheets taken 
at random from the machine located outside and from the one in 
the shed for the week ending February 13, 1922. The 
temperature and humidity recorded by the hygrothermograph 
located in the barn was traced on each of the above record 
sheets for comparison. I t  w ill be seen that the temperature 
in the barn does not vary as much, and it  is higher than in 
the shed or outside. The humidity, except in a few instances, 
is  also higher in the barn than it  is in the shed or out of 
doors. I t  is possible that at the beginning of a rainy period 
the humidity outside or in the shed might rise fo r a short time 
above that in the barn.
T% outside.
ffpt Temperature*
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Fig. 24 shows the relation between the oestrus of a sheep 
to the maximum and minimum temperature, and the mean humidity. 
Each square represents the approximate date when a ewe was 
bred figured from the date of birth of the lamb, allowing 146 
days for the gestation period. It  appears that the heat period 
occured 5 to 8 days after a rather wide range of temperature, 
over a 48 to 56 hour period, with a comparatively low point in 
the minumum temperature and a decrease in the relative  
humidity. It appears that a low minumum temperature has the 
greatest effect. In each case the minimum temperature 
dropped below 60° F. and when it  dropped below 40° F. a large 
number of ewes came into heat. I t is possible that it  might 
be the result of an accumulation of low temperatures.
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Table I.
Weekly mean temperatures and humidities for 
outdide,shed and barn with differences 
found in the shed and the barn 
from those outside.
leek Outside Shed" D iffI Barn D iff .
ending Tern. Hum. Tem. Hum. Tem. Hum. Tem. Hum. Tem. Hum.
Feb • 6 32.7 67.4 32.5 70.2 -0 .2 2.8 37.9 78.2 5.2 10.3
$1 13 31.5 67.6 31.3 71.6 -0.2 4.0 39.3 81.2 8.3 13.6
II 20 29.0 67.3 29.3 68.2 0.3 0.9 39.2 76.2 10.2 8.9
« 27. 37.7 75.0 38.1 82.3 0.4 7.3 47.0 80.3 9.3 5.3
Mar . 6 30.5 77.1 31.5 77.0 1.0 -0.1 40.5 80.0 10.0 2.9
fl 13 39.8 75.7 41.2 73.8 1.4 -1.9 46.0 76.0 6.2 0.3
It 20 45.7 72.6 47.6 68.5 1.9 -4.1 51.0 67.1 5.3 -5.5
II 27 44.3 69.0 45.7 71.3 1.4 2.3 52.2 66.3 7.9 -2.7
Apr . 3 42.0 92.5 41.5 91.7 -0.5 -0.8 49.0 - - 7.0
It 10 58.7 86.4 58.7 87.3 0.0 0.9 62.7 86.3 4.0 -0.1
It 17 51.0 81.0 50.3 85.9 -e.7 4.9 55.3 83.1 4.3 2.1
If 24 47.3 79.7 47.6 71.8 -0.2 -7.9 52.6 73.0 4.8 -6.7
May 1 51.6 75.8 51.9 72.4 0.3 -3.4 55.0 73.4 3.4 -2.4
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T a b l e  I I .
Mean t e m p e r a t u r e  a n d  h u m i d i t y  f o r  2  w e e k  
p e r i o d s  f r o m  May 1 -  O a t ,  3 1 .
H 1 K i
s* $
1 5 - 3 1
J u n e
1 - 1 5  1 5 - 3 0
J u l y
1 - 1 5  1 5 - 3 1
A u g u s t
1 - 1 5  1 5 - 3 1
S e p t e m b e r  
1 - 1 5  1 5 - 3 0
O c t o b e r  
1 - 1 5  1 - 3 1
1 9 0 7
H .T e m p . 5 1 . 7 5 8 . 8 6 3 . 4 7 1 . 0 7 3 . 2 7 4 . 1 7 1 . 8 7 1 . 1 66.1 6 2 . 1 5 4 . 1 3 6 . 6
M.Hum. 7 6 . 4 7 3 . 6 7 8 . 4 7 3 . 0 7 9 . 1 8 6 . 7 8 3 . 2 8 5 . 0 7 9 . 3 8 0 . 9 7 3 . 7 7 7 . 8
1 9 1 1
M .T em p. 6 1 . 3 7 5 . 2 7 3 . 4 7 6 . 2 8 2 . 1 4 8 . 6 7 7 . 7 68.6 7 0 . 7 66.1 5 7 . 8 4 6 . 5
M. Hum. 5 1 . 3 6 4 . 3 5 5 . 5 5 9 . 7 7 0 . 8 5 5 . 0 5 8 . 1 5 6 . 4 7 1 . 1 7 0 . 6 6 0 . 1 6 0 . 4  _______
m i
M .T em p. 6 4 . 7 66.2 7 1 . 4 8 2 . 1 8 0 . 4 8 0 . 3 8 1 . 0 7 7 . 3 7 3 . 6 5 9 . 2 6 3 . 8 4 2 . 7
M. Hum. 5 9 . 3 6 7 . 3 7 2 . 5 5 5 . 2 6 5 . 8 5 5 . 8 4 0 . 7 5 9 . 0 5 7 . 3 7 4 . 6 6 9 . 9 7 7 . 3
1 9 1 5
M. Temp. 6 0 . 9 6 0 . 1 6 7 . 9 7 3 . 3 7 4 . 0 7 1 . 5 7 0 . 4 6 4 . 4 7 2 . 6 6 3 . 3 5 4 . 2 5 8 . 2
M. Hum. 6 7 . 7 7 6 . 5 7 4 . 9 6 5 . 5 7 4 . 7 7 1 . 5 7 9 . 3 7 5 . 9 7 7 . 6 7 5 . 3 68.0 6 0 . 3
